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Unicameral bone cysts (UBC) or simple/solitary bone cysts are benign ﬂuid ﬁlled cavities that enlarge over time,
resulting in thinning of the bone. Usually these cysts are reported in the metaphyseal areas of long bones with
open physes. 85% of UBCs occur almost exclusively in children and adolescents. UBCs are more aggressive in the
ﬁrst decade of life and correspondingly the recurrence rate for these patients is four times that for adolescents.
The proximal humerus and femur account for almost 90% of these cases. UBCs are classiﬁed as active when they
are within 1 cm of the physis and latent as they progress to a diaphyseal location. Diﬀerential diagnoses for UBC
include aneurysmal bone cyst, ﬁbrous dysplasia, enchondroma, and intraosseous ganglia. By the time of skeletal
maturity most UBCs tend to resolve. Nonoperative treatment may be a viable option for many patients with small
or symptomatic lesions. Interventions include steroid injection, open curettage and bone grafting, decompression
and percutaneous injection of marrow or graft substitutes.

1. Introduction

been described.

Unicameral bone cysts (UBC) or simple/solitary bone cysts were
initially reported by Virchow in 1891 as “cystic structures”, thought to
be at that time due to anomalies in the local circulation [1]. These cysts
can also be multi-loculated. These benign ﬂuid ﬁlled cavities enlarge
over time, resulting in thinning of the bone. Usually these cysts are
reported in the metaphyseal areas of long bones with open physes.
Eﬀorts to classify these lesions in a manner that predicts their natural
history have not been met with success.

4. Pathogenesis

2. Epidemiology
85% of UBCs occur almost exclusively in children and adolescents.
The reported peak is between the ages of 3 and 14 years with the mean
age at diagnosis being approximately 9 years [1-4] UBCs represent
about 3% of all biopsied bone tumors and occur twice as more in boys
as compared to girls [4].
3. Genetics
In a single case translocation t (16; 20) (p11.2; q13) has been found.
In an 11 year old boy, complicated clonal structural rearrangement
involving chromosomes 4, 6, 8, 16, 21, and both chromosomes 12 has
∗

The exact pathogenesis remains elusive. Many hypotheses have
been suggested for the formation of a UBC. These included disturbance
in bone growth locally, role of pre-existing lesions, intramedullary hemorrhages as some posttraumatic cysts have same histological features
as of UBC and small nests of synovial cells trapped in an intraosseous
position [48].
Blockage in the venous drainage is the most favored mechanism
which occurs in a rapidly growing and remodeling portion of cancellous
bone. Chiriga et al. [8] found slightly increased internal pressure of
involved bone as compared to normal pressure of bone marrow lower
partial pressure of oxygen of cyst ﬂuid than arterial or venous blood
suggesting a venous obstruction. Factors contributing to bone resorption are high internal pressure and ﬂuid accumulation, venous stasis
and developmental anomaly occurring in the veins [9].
The cyst ﬂuid has been shown to contain increased levels of lysosomal enzymes than serum. Based on this observation, enzymatic role
in simple bone cyst growth was postulated. Bone resorptive factors
(prostaglandins, interleukin 1β, nitrate and nitrites levels, and proteolytic enzymes) in cyst ﬂuid were measured in a study by Komiya [9].
Tumor necrosis factor ⍺, and interleukins 1β and 6.
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5. Clinical presentation
The patient's age has great bearing on the presentation and clinical
behavior of the bone cysts. UBCs are more aggressive in the ﬁrst decade
of life and correspondingly the recurrence rate for these patients is four
times that for adolescents [10]. As the UBCs are painless, 80% of the
patients will not have any symptoms unless a pathologic gross fracture
or undisplaced stress fracture occurs. In patients where there is no
history of trauma, symptoms include mild pain, local tenderness and
occasionally swelling. In some patients who never develop symptoms
the lesion may be an incidental ﬁnding on roentgenograms.
UBCs have been diagnosed in almost every bone. However more
than 95% of the cases involve long bones [10]. The proximal humerus
and femur account for almost 90% of these cases. UBCs in the proximal
humerus develop more frequently where 80% of the growth occurs and
tend to disappear after puberty. Conversely 50% patients with proximal
femoral UBCs are older than 17 years with age range as high as 54 years
[10].
UBCs are classiﬁed as active when they are within 1 cm of the physis
and latent as they progress to a diaphyseal location. UBCs usually begin
in the metaphysis in proximity to the physis and oﬀ the apophysis of the
greater trochanter in long bones. Over time with growth the humeral
UBC moves distally towards the diaphysis and can be seen at the center
of the humeral diaphysis. On the other hand in the proximal femur, the
UBC rarely descends below the proximal diaphysis. Around 6%–10% of
UBCs are reported in adults in ﬂat bones. It has been hypothesized that
this late presentation is potentially due to location of the ﬂat bone that
protects it from trauma [10].

Fig. 1. 7 years old boy with left ﬁbula unicameral bone cyst. AP & lateral
radiograph shows a central cystic cavitation, well demarcated, with cortical
thinning and mild expansion.

6. Gross features
An intact simple bone cyst is very rarely sent for histological examination. Gross evaluation of an unaltered cyst shows a large intramedullary cavity ﬁlled with clear or straw-colored ﬂuid. The cyst is
lined by a thin, smooth, greyish-white to reddish-brown membrane.
The cyst is usually solitary, but occasionally partial septations divide it
into several cavities. These septations develop during the process of
healing. Focally peripherally located within the medullary cavity is a
spongy component of smaller cysts which are attached to the wall of
cyst. The wall of cyst is composed of thin ﬁbrous tissue showing bony
ridges. Secondary to trauma, the cyst may contain blood.

Fig. 2. 12 years old girl with unicameral bone cyst of Tibia. A, coronal and B,
axial CT images show expansile lytic lesion (long arrow) containing septa (small
arrow). The lesion has the typical appearance of a UBC.

7. Microscopic features

in osteoblasts of close proximity showed positive expression supporting
the concept that this material is an immature form of bone. We also
observed evidence for this concept in one of our study by demonstrating
transformation of cementum-like material into immature and then
mature bone [7].

The cyst wall lacks an epithelial lining and composed of thin layer of
ﬁbrovascular stroma focally containing osteoclast type multinucleated
giant cells (Fig. 4). As fracture complicates most of these cysts, secondary changes such as hemorrhage, hemosiderin and foamy histiocytes, granulation tissue, cholesterol clefts, ﬁbrin, calciﬁcation and reactive bone are seen. Fracture thickens the cyst wall with ﬁbroblasts,
osteoclasts, hemosiderin and reactive woven bone with numerous osteoclasts (Fig. 5). The wall often contains cementum-like pink amorphous material which sometimes can look like ﬁbrin. Jaﬀe [5] ﬁrst
report it as calciﬁed material in the cyst wall, representing calciﬁed
ﬁbrin and blood clots (Fig. 6). Later an ultrastructural examination of
this material revealed collagen bundles and numerous matrix vesicles.
The later were seen produced by osteoblasts and considered as the initial sites of calciﬁcation. Therefore, the cementum-like material
probably represents a special type of bone and is not a separate entity
(Fig. 7).
Baumhoer et al. [6] tested cementum-like material for various
special and immunohistochemical stains. On elastic van Geison (EVG)
stain, strong fuscinophilic appearance was noted. Procollagen I, collagen I, collagen III, and bone proteoglycan (decorin) were positive and
ﬁbrin and other noncollagenous proteins were negative. Immunohistochemical stains for transcription factors Runx-2 and Osterix

8. Plain radiography
Plain x-ray is modality of choice and has a high diagnostic accuracy.
Cyst is not eccentric and arises centrally in medullary cavity with long
axis parallel to length of bone. Because of its central location, the
cortical break and soft tissue component are rare. [11, 12].
These are metaphyseal and juxtaphyseal in location and geographic
in appearance with thin sclerotic margin (Fig. 1). The cortical break and
periosteal reaction are usually absent nevertheless present in cases of
associated fractures. Rarely, simple bone cysts may be found on the
diaphysis and appear as a large, multicameral with slight expansion. In
the presence of fracture, the “fallen fragment “sign is noted. The fractured fragment moves in dependent position and changes its position
with change in patient's posture (Fig. 3 A).
Similarly, a gas bubble that has migrated upward (“rising bubble
sign”) is also described for unicameral cyst. This sign is consider as
44
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Fig. 3. 8 years old boy with unicameral bone cyst of distal femur. A) Radiograph shows a central lytic metaphyseal lesion with a thin sclerotic margin. There is a
pathologic fracture as well as a “fallen bone” fragment (thick arrow) and periosteal reaction (thin arrow). B) Coronal T2 FS MR in same patient shows hyper-intense
lesion with ﬂuid levels (arrow). C) Coronal T1WI MR in the same patient shows a low signal lesion, signal nearly isointense to muscle. (Arrow). D) Coronal T1
C + MR, in same patient shows lesion pronounced rim enhancement. The entire imaging pattern is typical of a UBC.

plain X ray. The CT mainly evaluates cyst wall thickness and risk
fracture. (12) CT also helps to diﬀerential cyst from a lipoma which is
diﬃcult to assess on plain x-ray [14].
Similar radiographic feature are usually seen on plain CT. Cyst appears as centrally located lesion with surrounding cortex thinning
which is intact (Fig. 2). The HU (houns ﬁeld unit) on CT are between 15
and 20 HU. Occasionally ﬂuid - ﬂuid level are seen. The “fallen fragment” of bone is seen as ﬂoating bone in intracytic ﬂuid in cases of
fracture. The bubble gas sign, a pathognomic features to suggests presence of pathological fracture also known as “rising Bubble sign” is also
seen on CT. CT also provides road Map for intervention. [2,7].

pathognomic and if seen doesn't require any other modality for conﬁrmation of this diagnosis. [11, 13].
In healing phase, sclerosis is noted with some residual lucency. Mal
alignment of lime can be seen in fracture cases.

9. CT
The role of CT is to evaluate cyst present in areas such as pelvis and
spine, areas diﬃcult to assess on plain x-ray. CT demonstrates more
accurate extent of cyst in complex areas e.g. Spine and pelvis as well as
reveal complication such as fracture which are sometime subtle on
45
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Fig. 4. Thin ﬁbrous wall of simple bone cyst focally containing multinucleated
giant cells.

Fig. 7. Focal transformation of this cementum-like material into immature bone
with osteoblastic rimming.

10. MRI
MRI is used together with plain x-ray or CT. MRI demonstrates
presence of ﬂuid and conﬁrms its cystic nature (Fig. 3 B). Moreover,
MRI not only conﬁrms its cystic nature and location but is the modality
to further elaborates its aggressive features. The aggressive features in
terms of local aggressive changes are fracture, local expansion, thinning
of cortex, erosion and signiﬁcant disﬁgurement [46,47].
The simple bone cyst shows homogenous low signal intensity on T1weighted images, and high signal intensity on T2-weighted and ﬂuid
sensitive sequences (Fig. 3B and C). On TI-weighted images, heterogeneous scattered high signals some time observed. These high signals
are related to blood products associated to fracture.
On Post contrast MRI, marginal enhancement is noted with central
non enhancing area. However, central enhancement may happen in
some part of lesion occasionally (Fig. 3C and D).
Rarely ﬂuid –ﬂuid levels are also seen if ﬁbrous septations are
present within cyst with are not seen with plain radiograph. These
appear as thin, low signal with surrounding high signal on T2 weighted
or STIR sequences (ﬂuid sequences). On past contrast MRI, septations
can enhance. Septa may be only partial or may have loculated regions
(Fig. 3C and D).
Cyst with associated fracture has heterogeneous and complicated
MRI signals on all sequences because of blood products. On T1WI, high
signal are noted secondary to blood products. On T2WI and ﬂuid sequences, high signals are notes in hematoma, periosteal reaction and
surrounding edema [15, 16].

Fig. 5. Focally loose ﬁbroblasts seen in wall of cyst.

11. Bone scintigraphy/PET
Both modalities have no signiﬁcant role in diagnostic work up and
might be a negative scan. But may show marginal increased tracer
uptake with central photopenia.
One PET increased FDG-activity is occasionally noted and can be
confused with bony metastasis. Increase up take is also noted in cases of
fracture [11].
12. Role of imaging in post followup/post treatment phase

Fig. 6. Characteristic amorphous acellular cementum-like material in wall of
cyst.

X-ray is recommended to follow post treatment cases because it is
eﬀective, fast, and inexpensive way to get required information and to
guide further management.
On X-ray gradually increased sclerosis at intervention site is noted
from ground glass haziness to dense sclerosis. Healing on follow up
46
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steroid that helps in resorption. On the other hand Chigira et al. [8]
consider the multiple punctures made in the cyst normalize its local
circulation and disrupt any venous obstruction. (see Fig. 4).
Surgical option should be considered for those patients who have an
obvious or suspected pathologic fracture, those whose cysts continue to
enlarge, or cysts located in areas of the body that have a high risk of
pathologic fracture such as the proximal femur [2]. [30, 1] Mik and
colleagues [24] published a series of 55 patients with UBCs of whom
91% presented with pathologic fractures. Dormans et al. [31] reported
risk factors for pathologic fracture associated with UBC are a cyst with a
transverse diameter that is > 85% of the diameter of the aﬀected bone
and a cyst wall that is < 0.5 mm thick [32]. [33] Several diﬀerent
surgical options have been recommended for active lesions. Traditionally curettage and bone grafting have been the deﬁnitive procedure for
UBC. Other surgical procedures that have also been described include
decompression without instrumentation, decompression with instrumentation like cannulated screws, ﬂexible intramedullary nails and
combined methods [2]. (see Fig. 5).

cases may appear as opaciﬁcation of cyst with cortical thickening. But,
if lucency visualized it is suggestive of residual or recurrence [17].
According to rating system for treated unicameral bone cyst described by Neer et al. in 1966 [18], an excellent response is either
complete obliteration of the cyst during the period of operation or a
residual defect with one or more static cyst-like defects persisting with
healthy bone seen on plain ﬁlm. An enlarging cyst on follow-up examinations suggests recurrence and need surgical intervention.
The current follow up imaging recommendation in children, is plain
x ray to see post treatment or post-surgical changes.
In complicated cases such pathological fractures or cases with postoperative complications like infection, incomplete healing or premature
closure of growth plate. The MRI should be considered over CT to avoid
unnecessary ionizing radiation [19].
13. Diﬀerential diagnosis
Diﬀerential diagnoses for UBC include aneurysmal bone cyst, ﬁbrous dysplasia, enchondroma, eosinophlic granuloma and intraosseous
ganglia. [1], [2],44,45,46. Clinical and radiologic features help to differentiate these pathologies. Aneurysmal bone cyst on roentgenograms
appear as a lytic, eccentric, intramedullary bone lesion, with a transverse diameter that is wider than the epiphyseal plate. MRI of these
lesions shows double-density ﬂuid levels and septations [20]. The matrix of ﬁbrous dysplasia reveals a ground glass appearance that diﬀerentiates it from a UBC. Enchondromas usually seen in short tubular
bones of the hands and feet, are distinct radiolucent intramedullary
lesions with thinning and expansion of the cortices. Intraosseous
ganglia are small radiolucent lesions usually reported incidently in the
epiphysis and subchondral region [2, 21-23].
Eosinphilic granuloma frequently involves axial skeleton than appendicular skeleton. Spinal Colum involvement is mostly seen in children. These are most destructive lytic lesion with associated soft tissue
component and vertebral fracture or vertebra plana [44–46].

14.2. Resection, curettage and bone grafting
With curettage and bone grafting healing rates as low as 25%–36%
have been reported. These rates improved slightly from 37% to 50%
even after a repeat procedure was performed [34]. [35] When calcium
sulphate pellets were added at the time of grafting, healing rates improved to 66%; nevertheless, recurrence rate remained high at 25%
[36]. (see Fig. 6).
14.3. Curettage, local adjuvant treatment and grafting
In order to further optimize the treatment of UBC with curettage
and bone grafting, some investigators used local adjuvants to improve
outcomes. Hou et al. [36] in addition to curettage, intramedullary decompression and bone grafting with calcium sulphate in 12 patients,
injected a 95% ethanol solution into the cyst cavity thrice to kill the
membrane lining of the active cyst. Thereafter a cannulated screw was
then placed for continuous decompression. They showed a partial or
complete healing in 11 patients, and one patient has a subtrochanteric
femur fracture two months after the initial treatment. (see Fig. 7).

14. Treatment
The treatment of UBCs has continued to evolve with time.
Contemporary methods include injection, decompression and combined
surgical techniques. The aim of treatment is to prevent or manage pathologic fracture, promote cyst healing, prevent cyst recurrence and refracture. The treatment choice is individualized for each patient based
on the clinical and radiologic features. If the UBC is picked up incidently on roentgenograms in a patient who does not have any
symptoms and the bone is not at risk of pathological fracture, then
nonoperative management is recommended with close follow up. For
patients in whom a pathological fracture has already developed in the
upper extremity due to UBC, one can go with nonoperative treatment
with immobilization. Mik et al. [24] described three factors to asses
UBC healing which include one clinical characteristic of pain, and two
roentgenographic features of cyst opaciﬁcation and cortical thickening.
They described complete healing as > 95% opaciﬁcation of the cyst
with cortical thickening and no pain. Partial healing includes >
80%–95% opaciﬁcation of the cyst with or without cortical thickening.
Incomplete healing is represented by < 80% opaciﬁcation of the cyst
and no cortical thickening [2].

14.4. Decompression/combined techniques
Decompression can be achieved by needles, curets, or implants like
cannulated screws, K-wires or ﬂexible intramedullary nails. This decompression allows native marrow to enter the cavity thus facilitate
healing. Canavese and colleagues [37] compared UBC patients undergoing percutaneous curettage, steroid injection or autologous bone
marrow injection. They showed that simple cyst decompression with
percutaneous curettage had better healing rates (70%) than did steroid
(41%) or bone marrow injections (21%). Contemporary methods decompress and stabilize the cysts with ﬂexible intramedullary nails alone
or in combination with demineralized bone marrow. Healing rates of
73% have been reported at 2–10 year follow-up solely with ﬂexible
intramedullary nails with recurrence rates of < 10% [38-40] Kanellopoulos et al. [41] in addition to ﬂexible intramedullary nails used injection of demineralized bone marrow/iliac crest bone marrow and
reported healing rates of 77% with no recurrence.
Some investigators have combined mechanical techniques with
biologic agents to enhance outcomes. Dormans et al. [17] used percutaneous intramedullary decompression, curettage and grafting with
calcium sulphate pellets. After a mean followup of 22 months complete
healing was reported in 92% patients. Using the same technique, Mik
and colleagues [24] published their results at mean followup of 37
months with 80% showing a partial or complete healing response after
initial surgery with a cumulative healing rate of 100% after three
procedures.

14.1. Intralesional injections
Scaglietti [25] ﬁrst reported using methylprednisolone into UBCs
under ﬂuoroscopy with radiopaque dye for localization. He reported
“favourable” results in 90% cases. However reports thereafter have
been unable to show good results even after using multiple steroid injections and recurrence rates of 15%–88% have been shown after an
average of three injections [26-28] Gebhart and colleagues [29] have
suggested that it is the mechanical eﬀect of the injection rather than the
47

Downloaded for Anonymous User (n/a) at Aga Khan University Hospital from ClinicalKey.com by Elsevier on January 28, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.

Annals of Medicine and Surgery 34 (2018) 43–49

S. Noordin et al.

14.5. Pathologic proximal femur fractures

this manuscript.

UBCs in the proximal femur can lead to pathologic fractures with
serious complications including varus malunion, osteonecrosis, and
growth arrest of the proximal femoral physis [2]. [31] Dormans and Pill
[31] classiﬁed pathological fractures of the proximal femur with UBC
into six types based on the location and size of the cyst and the presence
or absence of the lateral buttress. They recommended in addition to
curettage and grafting use of a pediatric hip screw and side plate in
cases where the lateral buttress is compromised for skeletally immature
and mature hips in addition to selective postop spica application.

Research registration number
Not applicable.
Guarantor
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

14.6. Prognosis
Most UBCs will heal by the time of physeal closure. Dormans et al.
[31] consider patient age as an important factor. Patients older than 10
years heal at a higher rate (90%) than younger patients (60%), irrespective of the treatment modality. On the other hand, Haidar and
colleagues [42] consider a lesion located < 2 cm from the physis as a
risk factor for recurrence. The risk of recurrence can also be related to
the type of treatment rather than the location of the lesion [2].
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